ABSTRACT
Introduction

45
The accumulation of worn tires and other hazardous waste materials represents a 46 health and environmental concern of global scale. The majority of developed countries 47 are currently researching alternatives to burying or land-filling strategies, since these 48 methods are considered serious ecological threats. Over the last two decades, various 49 governments have promoted the recovery and reuse of tires [1] [2] [3] . However, at 50 present, billions of tires are stockpiled or land-filled, and this quantity is expected to 51 continue increasing over the next decade [4] . 52 Technological solutions based on energy recovery, such as using tires as fuel for kilns 53 to produce cement, are currently in place to address this problem [5] . However, given 54 that these processes represent another source of pollution, more truly environmental-55 friendly proposals are still needed. In this sense, the construction industry is of 56 particular interest due to the increasing popularity of environmentally-friendly and 57 lightweight building products [6] . Traditionally, recycling waste tires has been associated 58 with athletic surfaces, waterproofing systems, retaining walls, sealants, rubberized 59 asphalt; and more recently they have been incorporated into cementitious materials like 60 concrete [7] [8] This re-purposing has fostered an emerging tire-recycling industry in 61 many countries during the past two decades, clearly making a major contribution to 62 sustainability [9] . Nevertheless, this contribution remains very limited in terms of size; 63 and therefore, new markets must be explored so as to diversify into novel products [10] 64 [11] . 65 Practitioners and researchers are currently investigating the development of new 66 lightweight building products made of pre-cast concrete or mortar with recycled rubber 67 as an eco-friendly aggregate [12] . The use of these aggregates in precast products that 68 Construction and Building Materials 106 (2016) [305] [306] [307] [308] [309] [310] [311] [312] [313] [314] [315] [316] http://dx.doi.org/10.1016/j.conbuildmat.2015.12.131 ©2015 Elsevier Ltd. All rights reserved 4 are widely employed in construction, such as hollow blocks and building bricks has 69 been studied. These products have demonstrated superior properties in terms of 70 thermal and acoustic insulation, and bending and cracking shrinkage resistance when 71 compared to conventional units [13] [5] [14] . Moreover, using these rubberized masonry 72 units in vertical facing walls or slabs is an excellent energy-saving strategy given that 73 they reduce the annual energy consumption of building maintenance [15] . 74 Despite these advantages and the environmental and health benefits of recycling worn 75 tires, the use of rubberized building materials is extremely limited owing to several 76 factors [16] . Firstly, the compressive strength and durability of rubberized concrete 77 decreases as rubber aggregates are added [17] [18] . This reduction depends on the 78 size of rubber particles incorporated into the mix [19] . There are two types of size, both 79 of which can be efficiently obtained by cryogenic or mechanical grinding, fine and 80 coarse aggregate [20] . But the use of the former, more commonly known as crumb 81 rubber (CR), seems to be a better solution considering the loss of compressive strength 82 is much less pronounced than in the case of the latter [21] . 83 Secondly, there is still a lack of information about the final properties and durability of 84 rubberized hollow blocks and bricks. Few studies on this issue have been reported, and 85 no specific standards related to rubberized dry mortars have been approved to date [22] 86 [23] . This situation creates uncertainty among manufacturers of masonry products that 87 undermines efforts to commercialize these products [24] All mixtures were prepared at factory facilities following the specifications listed in Table   208 3. Raw materials were initially stored in different silos and merged homogeneously by 209 an industrial mixer for approximately 3 minutes. Then, fresh mortar was gradually cast, 210 by request, to the mould in an automated compaction unit (model PB-1200, Balbinot). An example of the slump tests performed is included in Fig. 5a . The extremely low 300 workability is characteristic of those mixes classified as S1. The maximum slump 301 measured was around 9 mm for the highest CR value (40%). Fig. 5b depicts the 302 averaged results of the slump tests as a function of the rubber content and the w/c ratio.
303
The slump increased in proportion with an increasing rubber content at a linear rate of 304 1-2 mm of the control set to around 4, 6, and 7 mm with the CR replacement of 20%, could be clearly observed for samples from both 7-day and 28-day curing times. As higher percentages (25-40%). However, the factory trials were conducted using those 375 tested mixes with the lowest cement content (0.9 w/c ratio), since the goal was to 376 achieve low-priced cast products. Therefore, at this initial stage, the loss in strength due 377 to the lower cement content in mixes with low w/c ratio was not taken into consideration 378 for the rejection of rubberized mixes. higher the walls are, the lower the percentage of CR included in the mix.
412
As shown in Fig. 10a , the majority of the collapses were near the top of the long hollow 413 blocks due to the extreme slenderness of their walls, and sometimes on the bottom, due 414 to excessive workability and plasticity. Therefore, we reached the conclusion that the In this study, only height exhibited significant variations depending on rubber content.
431 Table 6 presents the average and standard deviation of the height of bricks measured 432 in the middle and on both sides. The greatest variation of 4-5 mm between the middle 433 and sides corresponds to those bricks with the greatest rubber replacement (25-30%).
434 Surprisingly, the width and length of bricks with high rubber content did not display 435 observable dimensional changes.
436
The deformability mechanism of bricks is illustrated in Fig. 10b Table 6 . Dry densities and dimensional tolerances (height) of rubberized bricks. exhibiting different behavior as compared to the results shown in Fig. 7b Mix microstructure, the cement-rubber interface, and the presence of other relevant 486 elements were analyzed by SEM. Fig. 13 and Fig. 14 due to an excessive w/c ratio, an improper compaction or even to the particular 556 geometry of the masonry units and the industrial compaction method.
557
• The results suggest that rubberized bricks can be produced by means similar to 558 automated processes and moulds such as those employed for standard units. 
563
• In the case of long hollow blocks, the limit of CR value was estimated at around 564 10% for a w/c ratio of 0.9 mainly due to the collapse of samples after 565 demoulding. This finding renders this building product appropriate only for very 566 low percentages of rubber replacement at high w/c ratios. 
